Objectives: Published reports suggest that some adverse health impact may be related to noise exposure, and motor vehicle traffic is considered to be the main source of environmental hazard of noise. The aim of this study has been to assess an association between occurrence of sleep and attention disorders with exposure to the noise generated by motor vehicle traffic in the case of a large group of children living in an urban environment. Material and Methods: The data was obtained using a cross sectional study design in Bytom (Silesia, Poland) from 2003-2007 for a selected group of 7-14 year olds (N = 5136). The geographic information system was used for assessing the exposure to noise generated by the motor vehicle traffic. The association between occurrences of sleep disturbances or attention disorders and exposure to the traffic noise was examined by means of multivariable logistic regression. Results: Sleep disturbances and attention disorders were found to be statistically significantly associated with exposure to the traffic noise. The multivariable logistic regression results suggest that sleep disturbances and attention disorders were more likely to occur in the case of children living in the area with higher traffic density, the odds ratio (OR) = 1.44 (95% confidence interval (CI): 1.05-1.97) and 1.38 (95% CI: 1.03-1.86), respectively. Conclusions: The results of the study have confirmed that the exposure to the traffic noise could be a significant risk factor for sleep disturbances and attention disorders among children. Int J Occup Med Environ Health 2017;30(3):511-520
MATERIAL AND METHODS

Study population
To assess the frequency of the occurrence of sleep and attention disorders, as well as confounding factors, we used data obtained from a cross-sectional study in 2003-2004 among all 7-14-year-old children attending primary schools in Bytom. Parents and legal guardians were asked to fill in a questionnaire constructed on the basis of the Polish version of the International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire. The total number of forms administered to participants was 16 356 with a response rate of 68.5%. The database contains a total of 11 209 records; out of which 4372 records were removed because of missing data in the scope of analyzed variables. Likewise, the following 1623 records from children living in the city centre were excluded due to significant differences in socio-economic and home environmental determinants (Table 1) as well as differences in urban geography -continuous building sites on both sides of the street (the so called street canyons). The group of the children included 35 of them who had lived in the city for shorter than one year, 17 -with hearing impairment, 3 -diagnosed with diabetes, and 23 -had epilepsy. After these exclusions, our finally analyzed database contained 5136 records.
Outcomes and exposure assessment
The definition of outcomes analyzed within the framework of the multivariable model, described further in this section, was based on the parental opinion on the health status of the child and included answers to questions: "Has the child ever had sleep disorders?" and "Has the child ever had attention disorders?" Most published reports based on direct noise measurements or the individual noise exposure were estimated using noise dispersion models. Such a dispersion model was not employed for the city of Bytom within the studied time period. Scientific data suggests that noise levels in urban environment are correlated with traffic data [23] .
INTRODUCTION
Quality of life depends on many environmental determinants. Recently published reports suggest that several adverse health effects, especially among urban dwellers, are related to noise exposure [1, 2] . The main source of environmental noise is overall motor vehicle traffic including industry and neighbors (such as noise from animals, alarms, machines and domestic equipment, power and water infrastructure, noisy vehicles, pubs and clubs, etc.) that are also sources of this type of pollution [3] [4] [5] . Children are often vulnerable to environmental noise and the reduction in exposure to this type of noise is an important public health issue. Results from several studies confirm that children living in a noisy environment have lower cognitive performance [6, 7] , show frequent reading problems [8, 9] , exhibit lower mathematical skills [10, 11] , and impaired memory [8, 12] . It has also been shown that exposure to environmental noise may increase the prevalence of hypertension in the case of children [13] [14] [15] [16] [17] . At least 30% of the European Union (EU) population live in areas where day-night average of road traffic noise level exceeds 55 dB [18] . Thus, traffic-related noise is considered to be a factor of adverse health effects like: sleep disorders [19] , annoyance [7, 20] , as well as chronic cortisol increase [21] and elevated level of systolic pressure among children [22] . The lack of available data describing potential sleep disorders related to the environmental noise among Polish children has prompted the authors to undertake this study. This research, with the aim to assess the association of the occurrence of sleep and attention disorders with exposure to the noise generated by motor vehicle traffic in the case of a large group of children living in urban environment, was conducted in Bytom, a city located in central part of the Upper Silesian Industrial Zone, Poland. densities). Calculations of these scenarios were performed by means of the geographic information system (ESRI ArcGIS, version 9.2) using previously described methods [25] . It is worth mentioning that a similar approach was utilized in the French RECORD (the Residential Environment and Coronary Heart Disease) study to assess adults' annoyance related to the road traffic noise [26] .
Statistical analysis
Statistical significance of between-group differences for categorical variables was evaluated by means of the Chi 2 test. Potential confounders like gender, age, respiratory diseases (yes/no), eczema (yes/no), household financial standing (good/poor), crowding (> 1 person per room), exposure to environmental tobacco smoke at home (yes/no), and exposure to industrial or railway noise (place of residence within 300 m -yes/no) were controlled in the multivariable logistic regression model. Correlation between explanatory variables was checked, and multicollinearity between confounders was assessed by means of tolerance and variance inflation factor (VIF). The stepwise forward selection method of model building was used, with significance level set to p = 0.3 to Therefore, we used surrogate indices of individual exposure to traffic-related noise representing residential distances from roads, traffic intensity and traffic density. To assess these surrogates of noise exposures, residential addresses from the questionnaire were used, with the municipal office in Bytom providing the data on traffic intensity along with spatial placement of industry plants and railways ( Figure 1 ). Data on traffic intensity was collected in the year 2007, however, road conditions and infrastructure had not changed significantly from the early 1990's until 2007. The only significant change is represented by higher traffic counts [24] . We only conducted the qualitative statistical analysis based on the following 3 scenarios used for categorizing subjects into either the exposure or control group: the scenario A: the distance from a child's residence to a major road (expressed as a categorical variable ≤ 100 m and > 100 m); the scenario B: the highest traffic count within 100 m radius of the place of residence (expressed as a categorical variable > 90th percentile and ≤ 90th percentile of traffic counts); and the scenario C: the traffic density within 100 m radius of the place of residence (expressed as a categorical variable > 90th percentile and ≤ 90th percentile of traffic 
RESULTS
Descriptive characteristics such as demographic data, family socioeconomic status, and the home environment of subjects (5136 children) are presented in the Table 1 . The prevalence of sleep disturbances and attention disorders in the studied group was 8.24% (N = 423) and 9.89% (N = 508), respectively. Results of the categorization of studied children into the exposed and non-exposed group, according to the adopted 3 separate allow a confounder into the model, and significance level set to p = 0.1 for a confounder to stay in the model [27, 28] . The goodness of fit of the model was evaluated by means of the deviance and Pearson's Chi 2 tests. Logistic odds ratio (logOR) and their 95% confidence intervals (CI) were calculated. Statistical significance level was set to α = 0.05. Statistical analyses were performed using procedures available in SAS, version 9.4 (SAS Institute Inc., Cary, NC). and 4722 participants living > 100 m away from the main road (the control group). The scenario B shows 456 children living in the area where maximum traffic intensity within 100 m radius of the place of residence exceeds 90th percentile of traffic counts for all roads (the exposed group) and 4680 children living in the area with lower traffic intensity (the control group). Finally, the scenario C shows 468 children living in the area where traffic density within 100 m radius of the place of residence exceeds 90th percentile of the traffic density calculated for all roads (the exposed group) and 4668 children living in the area with lower traffic density (the control group).
It is worth noting that the scenario C qualified the highest number of children into the exposed group whereas concordance between proposed scenarios in qualification into the exposed group was observed in the case of 342 children (Figure 2 ). The frequency of sleep disturbances as well as attention disorders was statistically significantly higher in the exposed group; the scenario C of exposure is the best to describe the relationship between health disorders and hazards ( Table 2 ). The remaining 2 scenarios (A and B) did not show statistically significant differences in the prevalence of these disorders. The Figure 3 shows the results of the multivariable analysis of the relationship between health effects among children A, B, C -scenario. 517 reducing the exposure to excessive level of noise emitted by car traffic is also pointed out in the 6th operational objective point of the National Health Programme, which is currently being implemented in our country [30] .
Such exposure may cause a number of health issues including sleep disturbances and attention disorders [8, 31] . The results of our study indicate that the prevalence of sleep disturbances and attention disorders among the children at the age of 7-14 years old living in Bytom, Poland, was 8.2% and 9.9%, respectively. Similar data was observed for 10-year-old children in Munich, Germany, where the frequency of sleep disorders was 12.9% and sleeping problems of studied children were associated with nocturnal noise related to traffic [19] . Our findings have confirmed that the higher frequency of sleep disorders, among children living in one of Polish cities, is likely to be related to the traffic noise exposure in the place of residence. Nevertheless, it is noteworthy how the results of our research depend on scenarios used for describing traffic. The statistically significant higher frequency of sleep disturbances and attention disorders in the exposed group was observed only for the scenario C, which incorporated the traffic density as an index of noise exposure (OR = 1.44; 95% CI: 1.05-1.97, and OR = 1.38; 95% CI: 1.03-1.86, respectively). The scenarios A and B were based on rather simple measures: the distance from the main road and the maximum traffic intensity near the place of residence, respectively whereas the C scenario incorporated overall traffic intensity and the length of road segments within defined radius (r = 100 m) of the place of residence. It is almost impossible to compare our results with published papers because majority of the research was either based on direct measurements of noise in the place of children's residence or utilized acoustic models for the analyzed region. Yet in general, our findings are coherent to the extent of the relation between elevated frequency of sleep disturbances or attention disorders among children and noise intensity. It (sleep disturbances and attention disorders, respectively) and exposure to traffic noise (distance to busy road, maximum traffic count, and traffic density) adjusted for confounders (gender, age, respiratory diseases, eczema, financial family standing, crowding, exposure to environmental tobacco smoke at home, and industrial or railway noise).
The results have confirmed the statistically significant relationship between the both studied health disorders and only traffic density, which is described in the scenario C. It is worth noting that the odds of sleep disturbances and attention disorders were over 2 times greater among children with respiratory diseases or eczema. The lower family financial standing also significantly influenced the declared sleep disturbances and attention disorders. Moreover, males over 9 years old with exposure to environmental tobacco smoke (ETS) were observed to be statistically significant to have higher odds of attention disorders.
DISCUSSION
The obtained results have confirmed that higher frequency of sleep disorders among children living in the area with high traffic density is likely to be related to the traffic noise exposure. Children's health, including disorders associated with environmental noise, is an important public health issue [2] . The World Health Organization (WHO) reported that sleep disturbances and annoyance were mostly related to road traffic noise, and its estimates of the Disability-Adjusted Life Years (DALYs) for environmental noise indicate that children living in the EU countries lost 45 000 years due to cognitive impairment. It is worth mentioning that the possibility of assessing the disease burden associated with this factor in the whole of the WHO European Region is limited because of the lack of exposure data in southeastern Europe (including Poland). The proper physical and mental development of children depends on living environment, and recent publications have, among others, indicated the negative impact of noise generated by traffic [29] . The necessity of Bearing in mind all the limitations, we believe that our study has confirmed some plausible adverse health effects of traffic noise. It is worth noting that the final size of the study group (N = 5136) complies with the criteria required for the cross-sectional study. The general public interest in the impact of living environment on the health and quality of life in our region of study [33] makes one's own observation an important voice as far as public health is concerned. Obtained results may be precious for public health experts and decisionmakers in the range of future studies and planned activities in the field of environmental health.
CONCLUSIONS
The most precise method to determine traffic noise exposure among children seems to be the traffic density within 100 m radius of the place of residence. Exposure to the traffic noise, in the studied population, was recognized as a significant risk factor for sleep disturbances and attention disorders among children living in the area with high traffic density. Obtained results have confirmed that noisy exposure is an important issue of public health and calls for further studies.
is worth noting that at the time of collecting the data on children's health status there were no acoustic models available for the city of Bytom. Thus, we decided to use surrogates of exposure to the traffic noise, in the form of the scenarios A, B and C, described in the Material and Methods section.
The results of our study suggest that the traffic density near the place of residence (the scenario C) was the best proxy of the noise exposure in the context of the frequency of sleep disturbances and attention disorders among studied children. The scenarios A and B did not confirm the relationship between traffic noise and occurrence of studied health outcomes. It is also important to admit that the use of surrogates to noise exposure (the scenarios A, B and C) allowed us to focus only on one specific source of the noise -in this case -caused by car traffic, while controlling other sources, like municipal or industrial noise. There are also several noteworthy limitations of our research. The cross-sectional design of the study has a limited power to investigate the association between environmental exposure and the outcome. Data on children's health status was collected by means of a questionnaire and the response rate was 68.5%. Moreover, due to missing data, 39% of the records were removed from the database, which could possibly introduce a bias to the presented results. To reduce another potential source of bias, children living in the centre of the city and due to a lower socio-economic status ( Figure 1) were removed from the study. Another limitation of our research is the lack of data on the floor and a side of the building where the child's sleeping room was placed, moreover we were unable to control neighborhood noise. There are also some limitations of the multivariable logistic regression model [32] . The explanatory variables should be independent from one another, therefore we checked the correlation between the confounders, tolerance and VIF in our models. Moreover, large sample sizes are required in such models, with our data fulfilling this assumption (N = 5136).
